ABSTRACT
Introduction
Osteoarthritis is the most common chronic disease in elderly individuals 1, 2 . It is defined by the American College of Rheumatology as a set of heterogeneous changes that induce painful joint symptoms and signs associated with defects in the integrity of articular cartilage and synovial membrane, in association with changes on articular bone margin 3, 4 . The cartilage -the main target of the degenerative osteoarthritis changes -has two functions: to permit joint motion with minimal friction and to absorb shock preventing bone damage [5] [6] [7] . At the moment, many palliative drugs as anti-inflammatory, corticosteroids and opioids have been used in the treatment of the disease in humans; however, none of them stopped the evolutionary process of the lesion, which is the main goal of treatment 8 .
Ideal experimental model should reproduce the disease and allow joint study using biomechanical, radiological and microscopic evaluations of involved tissues. The pathogenesis should also be similar to tissue injury affecting the articulation of the human as well as the therapeutic response 9 . Chemical experimental models of osteoarthritis present fast installation results. Currently, the most used is with monosodium iodoacetate inhibitory activity of glyceraldehyde-3-phosphate dehydrogenase glycolysis and induces death of chondrocytes. Intra-articular injection leads to the destruction of chondrocytes in rodents and non-rodents. When it is used in rodent, cartilage lesions with loss of proteoglycan matrix and functional changes with stiffness similar to those observed in human osteoarthritis, are produced 10, 11 . Given the importance of the synovial membrane and subchondral bone in the pathogenesis of joint pain in osteoarthritis, many experimental studies have been published with monosodium iodoacetate, but most of them only evaluated histopathological and radiological aspects, and not functional ones.
The present study aims to investigate the pain in static and dynamic joint inability, the tactile allodynia, and the correlation of radiological and histopathological changes.
Methods
This study was approved by the Ethics Committee in At this moment, with slight retraction, the substance is injected. In animals of CG was used 50 ml of saline 0.9% in the right and left knees. In OG was introduced in right knee 2 mg of monosodium iodoacetate in maximum volume of 50 ml of 0.9% saline, and in left equal volume of saline 0.9% for itself control to be compared with CG results.
Evaluation of forced ambulation (Roto-rod test)
The animals were placed randomly on a rotating cylinder (Roto-rod, Figure 1 ) with increasing speed, forcing them to walk continuously to avoid falling. The performance index provided motor learning and use of the affected limb 14, 15 . They were kept on the rotating bar for 5 min to become accustomed to the appliance. 
Joint assessment of disability (weight bearing test)
Changes in weight distribution between the right hind limb (osteoarthritis) and left (without osteoarthritis) in all animals was used as an indicator of joint discomfort caused by handling of the joint. The capacitance test apparatus is shown in Figure 2 (model IITC Life Science, CA, USA) 1, 16 . Before measurements were taken, waited up period of 5 min was necessary for rat´s adaptation to the device and the restart was only done when they had were in correct position, ie both hind limbs on the platforms and the fore limbs on plexiglass ramp.
During testing, were observed and recorded the changes in weight distribution between right and left (contralateral control) to assess discomfort index in the right hind limb 13 . The weight exerted on each hind limb (measured in grams) was evaluated over a period of 5 s. The final measurement of the weight distribution was given by the average of three measurements. Changes in the distribution were calculated as follows 16, 17 .
Assessment of tactile allodynia (Von Frey test)
Was The nociceptive threshold was defined as the percentage of active suspension force to cause the affected ipsilateral hind limb and determined as follows 16 :
Radiographic evaluation
Procedure was performed immediately after euthanasia, before rigor mortis. Were used dental radiography periapical film unit. Radiographs were made in dorsoplantar position at full extension after euthanasia with usual development process. The images were analyzed by a radiologist without knowledge of joint and subgroup of animals evaluated. Were studied the changes of joint space, subchondral sclerosis and osteophyte formation. For radiological rating osteoarthritis scale was used 19 ranging from 0 to 4, where 0 = no signs of osteoarthritis; 1 = minimal osteophytes of doubtful meaning; 2 = definite osteophytes and joint space preserved; 3 = moderate osteophytes and narrowing joint space; 4 = significant joint space narrowing and subchondral sclerosis.
Collection of synovial membrane and histopathology
After euthanasia and radiographic evaluation, the animals were placed in dorsal recumbency. With Adssen forceps, skin and subcutaneous were freed from patellar tendon and the anterior aspect of the joint was exposed. Patellar tendon and patella were raised proximally from the lower portion of its insertion on the tibial tuberosity. With a scalpel, arthrotomy was made that allowed the identification of the synovial membrane following en-bloc resection.
After removal of the capsule the appearance of macroscopic lesions at the articular cartilage were evaluated (Figure 4) . 
Statistical analysis
The comparison of the different experimental groups was performed using the Mann-Whitney test for ordinal qualitative variables and Student t test for numerical variables. p value<0.05
was indicated significance and the data were analyzed using the software Stat ® GraphpadIn.
Results

Forced ambulation evaluation (Roto-rod test)
All CG rats showed similar evaluation on days 1, 7, 14, 21 and 28, and forced ambulation measured almost in all by the highest degree, 5 ( 
Joint assessment of disability (weight bearing test)
CG had symmetrical support in both hind limbs from beginning to end of the experiment with the final score of 50.96 showing absence of joint discomfort. After injection of monosodium iodoacetate, OG started showing signs of joint discomfort, distributing the weight predominantly on healthy pelvic limb (left side). In general, the alterations in the distribution of weight on the hind limbs followed biphasic distribution. In the first phase there was a marked reduction in the weight placed on the limb affected, having its maximum effect on the 7 th day postinduction (p=0.0001). By the 14 th day the OG animals had 40% distribution of weight on the affected leg. In the second phase, which started from the 21 th day, the asymmetry in the distribution of weight returned to accentuate with values ranging from 33-35% and was not resolved until the end of the experiment with the final score of 37.45. In the comparison between groups, on day 1 it was unchanged; it was different on day 7 (p<0.0001), 14 (p=0.0165), 21 (p<0.0001) and 28 (p=0.0001), being more significant on the 7 th day of the experiment (Table 2) . (Table 3) . Radiographic evaluation CG animals showed no radiographic changes in the first week of the experiment, but in the last had some slight modifications with final average of 0.5, without significance. In the first week the OG animals showed no signs of joint damage;
already on the 14 th day were no significant changes remaining until the end of the experiment, obtaining final average of 2.75. In the group comparison, there was no difference on day 7 and yes, significant, at 14 (p=0.0063), 21 (p=0.0049) and 28 (p=0.0063) days (Table 4 , Figure 5 ). 
Microscopic analysis
The synovial membrane by microscopy in CG and in the OG left knee served as self control, showed no changes in any animal from beginning to end of the study, final mean zero. The injection of monosodium iodoacetate induced histopathological changes in the synovial membrane on OG from the first to the last week, it was more evident on day 14, final average of 1.3.
Comparing groups, there was significant differences in 7 (p=0.0049), 14 (p=0.0025), 21 (p=0.0025) and 28 (p=0.0035) days (Table 5) TABLE 5 -Microscopic analysis of synovial membranes in CG and OG. and media can interfere. Therefore, new models of pain should be pursued 21 . Induced monosodium iodoacetate osteoarthritis shows death and degeneration of chondrocytes, which are responsible for maintaining the integrity of the articular cartilage 22 . In association with chondral injury, reparative inflammation occurs leading to bone sclerosis, pain decrease in joint space, similar to human osteoarthritis 23 . In addition to inflammation, it can be observed constant bone degeneration and osteophyte formation, seen in the radiographic images shown in this experiment. This model has served as the basis for experimental treatment of osteoarthritis in various ways [24] [25] [26] .
Control group (CG)
The Roto-rod, although initially designed for forced ambulation on gait in lesions of the cerebellum 15 , is also used in the grading of joint function in experimental neurological compressions 27 , and joint changes in experimental arthritis of the knees 16, 25 . This study showed that the greatest difference occurred in 7 and 14 days after induction. Interestingly, after the inflammatory phase of the early days the animals develop motor learning to walk trying to disguise having pain during walking, so that they are not target for predators 28 . When subjected to the measurement of articular disability -weight bearing -was observed that all OG animals especially in the first inflammatory phase of the disease had prevalence of less support on the right side, where osteoarthritis was induced. Authors 1,17,29 tested monosodium iodoacetate in various dosages, ranging from 0.1 mg to 3 mg, and concluded that higher dosage leads to higher sensitivity to detect the weight bearing joint failure, particularly in the acute phase.
Tactile allodynia is defined as painful response to a stimulus that normally is painless 13 and occurs in patients with osteoarthritis 30 .
The present study found biphasic response results more significant in the first phase and inflammatory-like weight bearing. The appearance of radiological signs of osteoarthritis in various animal species can be precocious 30 . This study in chronic phase showed signs of joint degeneration, narrowing joint space, bone sclerosis, osteophytes in all animals; final assessments identified significant atrophy of the femoral condyles with extensive bone loss. This study supported this hypothesis, both in bone degeneration and in histological changes in cartilage analysis. Comparing the changes of monosodium iodoacetate in rat´s cartilage with human cartilage, similar histological changes were found in literature review, and so this model is an important instrument to study new substances that can be used in mankind.
Conclusion
The osteoarthritis induced by intra-articular monosodium iodoacetate in rats knee is a good model to be used in related research,
because it provides mensurable changes on joint movements, tactile allodynia, progressive radiological degeneration and microscopic inflammation of the synovial membrane, that represent markers for osteoarthritis evaluation
